General experimental details
All reactions were maintained under a nitrogen atmosphere unless otherwise stated. Commercially available reagents were used without further purification. Infrared (FT-IR) spectra were recorded on a BRUKER VERTEX 70, ν max in cm -1 . 1 H-NMR spectra were recorded on a BRUKER AVANCE III HD (400 MHz) spectrometer. Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance as internal standard (CDCl 3 : δ 7.26). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quadruplet, br = broad, m = multiplet), coupling constants (Hz) and integration. 13 C-NMR spectra were recorded on a BRUKER AVANCE III HD (100 MHz) spectrometer with complete proton decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCl 3 : δ 77.16). Mass spectra were measured with an Agelent Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were measured with a GCT Premier TM and BRUKER micrOTF-Q III. Melting points were measured using INESA WRR and values are uncorrected. The RBCBs were prepared according to the reported procedures.
[１]
2. General procedure for the C-C bond olefination
(0.005 mmol, 2.5 mol%), and PPh 3 (0.01 mmol, 5 mol%) were loaded in a flask which was subjected to evacuation/flushing with nitrogen for three times. Then freshly distilled anhydrous toluene (2 mL) and ethyl acrylate (0.4 mmol, 2 equiv.) were added to the mixture via syringe. The resulting reaction mixture was kept stirring at room temperature until the starting material had been consumed as determined by TLC. After removal of the solvent, the residue was subjected to flash column chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to afford the desired product.
3. Condition survey and general procedure for the synthesis of 18-24 3.1 Reaction conditions survey [1] Reaction condition: 3 (0.2 mmol) and base (0.3 mmol) in toluene (2 mL) at room temperature.
General procedure for the synthesis of 18-24
Compound 3 or the analogue (0.2 mmol, 1 equiv.) and KOH powder (0.3 mmol, 1.5 equiv.) were dissolved in the freshly distilled anhydrous toluene (2 mL). The reaction mixture was kept stirring at room temperature until the starting material had been consumed as determined by TLC. After removal of the solvent, the residue was subjected to flash column chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to afford the desired product 18-24. 
Condition

General procedure for the synthesis of 25-28
Compound 3 or the analogue (0.2 mmol, 1 equiv.), Sc(OTf) 3 (0.04 mmol, 0.2 equiv.), and pyrrolidine (0.3 mmol, 1.5 equiv.) were dissolved in freshly distilled anhydrous acetonitrile or ethyl acetate (2 mL). The reaction mixture was stirred at room temperature until the starting material had been consumed as determined by TLC. Then the reaction mixture was treated by the addition of 6N HCl (0.4 mmol, 2 equiv.) and stirred at room temperature for 1.5 h. The mixture was extracted with ethyl acetate (3×10 mL), and the combined organic extract was washed with brine, dried over MgSO 4 , filtered, concentrated and purified by flash column chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to afford the desired product 25-28. 166.4, 141.7, 137.9, 133.2, 129.4, 128.4, 126.8, 126.5, 120.0, 60.1, 53.2, 41.9, 34.4, 27.0, 25 4, 166.4, 141.7, 138.0, 133.8, 129.7, 127.9, 126.9, 126.7, 120.2, 60.1, 52.3, 38.1, 32.1, 20.5, 13.8 7, 166.3, 141.8, 140.3, 132.8, 129.5, 127.8, 126.6, 126.6, 120.2, 60.1, 54.0, 43.5, 32.0, 29.2, 29.1, 24.0, 13.8 2, 166.3, 141.7, 138.5, 133.0, 129.6, 127.4, 126.6, 126.5, 120.4, 60.1, 50.9, 41.4, 32.8, 27.0, 25.9, 25.2, 24.3, 13.9 1, 166.3, 143.5, 141.7, 139.1, 133.6, 133.2, 132.3, 129.6, 128.3, 127.9, 127.4, 126.9, 126.7, 126.4, 120.3, 60.0, 50.6, 30.6, 28.8, 13.8 166.4, 143.7, 141.5, 137.3, 133.2, 129.5, 128.5, 128.2, 127.0, 126.6, 126.3, 126.2, 120.3, 60.1, 52.6, 43.0, 41.6, 41.4, 33.8, 13.9 2, 153.9, 132.1, 129.1, 127.7, 124.8, 123.3, 119.3, 111.4, 73.5, 60.2, 38.4, 32.4, 30.7, 26.1, 25.0, 24.5, 13.8 C NMR (100 MHz, CDCl 3 ) δ 170. 1, 151.1, 130.6, 129.7, 127.6, 125.1, 123.5, 119.8, 108.0, 73.4, 60.2, 39.7, 30.3, 29.0, 28.2, 26.3, 25.8, 24.0, 13.8 0, 147.5, 131.2, 129.8, 127.7, 125.3, 123.2, 119.1, 105.3, 73.3, 60.2, 39.3, 36.6, 34.7, 29.4, 29.0, 26.0, 24.8, 13.8. FT-IR: ν (cm -1 ) 3032, 2950 , 2871 , 1734 , 1655 , 1575 1, 145.0, 136.1, 130.7, 130.6, 130.1, 127.9, 127.4, 126.5, 126.0, 125.9, 123.4, 121.1, 119.9, 108.5, 73.6, 60.2, 38.9, 27.3, 21.2, 13.7. FT-IR: ν (cm -1 ) 3029, 2978 , 2834 , 1730 , 1627 , 1564 142.3, 135.1, 127.9, 127.8, 127.6, 126.9, 60.9, 51.0, 46.3, 46.0, 37.8, 29.7, 18.2, 14. 
Characterization of products
